Distensibility of the Papaverine-induced Passive Vascular Bed in Dermis of Generalized Scleroderma  by Kristensen, Johannes K. & Henriksen, Ole
0022-202X/79/7205-0232$02.00/0 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY, 72:232-234, 1979 
Copyright © 1979 by The Williams & Wilkins Co. 
Vol. 72, No.5 
Printed in U.S.A. 
Distensibility of the Papaverine-induced Passive Vascular Bed in Dermis 
of Generalized Scleroderma 
JOHANNES K _ KRISTENSEN, M .D ., AND OLE HENRIKSEN, M_D., PH.D. 
The University of Copenhagen Department of Dermatology, Rigshospital, and the Second Department of Medicine, City Hospital, 
Copenhagen, Denmark 
Passive distensibility of the vascular bed in cutaneous 
tissue of the hand was examined in 7 normal persons 
and 15 patients suffering from generalized scleroderma 
of the acrosclerosis type. Paralysis of vascular smooth 
muscle cells was obtained by locally injected papaverine. 
Increase in vascular transmural pressure was induced 
by lowering the limb. Blood flow was estimated by the 
local 133Xenon wash-out technique. There was no signifi-
cant difference between the patients and the normals in 
relative blood flow during lowering, when injection vol-
umes of 0.005 and 0.02 ml were used, indicating that 
distensibility of the vascular bed in cutaneous tissue in 
generalized scleroderma is not diminished. However, in 
generalized scleroderma an injection volume of 0.1 ml 
caused a significant decrease in relative blood flow dur-
ing lowering. This phenomenon observed in the patients 
probably reflects changes in total tissue pressure oppos-
ing distension of the vascular bed. This suggests an 
altered pressure-volume relationship of the interstitial 
fluid spaces in cutaneous tissue of generalized sclero-
derma. 
The fmding of a decreased compliance of the skin in one 
postmortem case of scleroderma [1] might support the possi-
bility that altered viscoelastic properties of cutaneous tissue in 
generalized scleroderma could counteract dilatation of cuta-
neous blood vessels. Prinzmetal [2] suggested that pressure 
exerted by the tight skin was the major cause of circulatory 
insufficiency in "sclerodactyly" although his findings might as 
well be explained by a decreased perfusion pressure due to 
structural alterations of digital vessels as advocated by Lewis 
and Landis [3]. 
Morphological studies indicate that sclerodermic changes of 
the skin includes structural changes of blood vessels [3]. This 
might indicate that distensibility of the vascular bed is dimin-
ished in these patients as compared to normals. However, there 
was no difference in "distensibility" of the vascular bed in 
subcutaneous tissue on the dorsum of the hand in patients with 
generalized scleroderma as compared to normals [4]. This might 
be different in cutaneous tissue as, in the patients with sclero~ 
derma, the mechanisms underlying local regulation of blood 
flow were less affected in subcutaneous tissue as compared to 
dermis [5,6]. The method used for determination of vascular 
distensibility in subcutaneous tissue [4] was adapted for cuta-
neous tissue. 
MATERIALS AND METHODS 
Patients Experimental Conditions 
Ten normal persons aged 28 to 65 were used as controls. Fifteen 
patients suffering from generalized scleroderma of the acrosclerosis 
type, 4 men and 11 women, were investigated. Ages ranged from 28 to 
75 years, disease duration from 3 to 17 years; 13 patients were suffering 
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from Raynaud phenomenon. All patients had definite sclerosis of the 
area investigated. Informed consent. was obtained in all cases. Blood 
flow in cutaneous tissue was measured by the local '33Xenon wash-out 
technique [7]. '33Xenon mixed with papaverine was by means of Ham-
ilton microsyringes injected intracutaneously into the back of the hand, 
in volumes of 0.005, 0.02 and 0.1 ml, the concentration of papavenne 
being constant at 25 mg/ml. The subjects were placed in a sitting 
position and a single investigation consisted of 3 periods of measure-
ment: (1) with the hand placed at reference level, jugular notch (k(<cr.l)); 
(2) with the hand lowered by 45 cm (k(te.l)); and finally (3) with the 
hand placed again at reference level (k(,.f.2) ). Each period of measure-
ment lasted 1-2 min. Control experiments were performed in 1 normal 
person and 1 patient. The undisturbed wash-out of the ,33Xenon-
papaverine mixture was obtained with injection volumes of 0.005, 0.02 
and 0.1 ml. 
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FIG 1. Actual '33Xenon wash-out curves from a normal person. 
Injection volume 0.02 ml. Wash-out rate constants: k(,cr.l) : 0.29, k(,ef.2) : 
0.29, k(t •• t) : 0.43. Relative increase during lowering: 1.48. 
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Measurement of "'"Xenon wash-out and calculations of wash-out 
rate constants were as described previously [4-6]. Relative '3JXenon 
wash-out rate during lowering was calculated as k(tc8t)/k(,eo. where k(,eO 
denotes the average value of '""Xenon wash-out rate constants obtained 
at reference level immediately before and after the test. 
Students t-test was used for paired samples and the randomization 
test for impaired samples. As Limit of significance was chosen p < 0.05. 
RESULTS 
As an example. an experiment obtained by injection of 0.02 
rnl l33Xenon-papaverine mixture in 1 normal person is shown in 
Fig 1. It was possible to reproduce the wash-out rate constant 
at reference level. This was confirmed in a control experiment 
showing monoexponential wash-out during the initial 5 to 10 
min. In experiments involving injection of 0.1 ml, a delay 
amounting to 1 min was observed both in normals and in 
patients before the wash-out of 133Xenon became maximal. 
Thus, data from the first minute were not used in the calculation 
when 0.1 mJ had been injected. Mean wash-out constant at 
reference level varied with the injection volume (Fig 2) and 
decreased significantly. both in normals and in patients when 
the injection volumes increased from 0.005 to 0.02 ml (p < 0.05 
and p < 0.05). Using volumes of 0.005 and 0.02 ml. the mean 
wash-out rate constant at reference level was signifIcantly 
smaller in the patients (p < 0.05 and p < 0.01, respectively). 
Using 0.1 ml. the difference was insignifIcant (p > 0.3). 
Relative 133Xenon wash-out rate constant during lowering 
(Fig 3) did not differ signifIcantly between normals and patients. 
when volumes of 0.005 and 0.02 ml were injected (p > 0.4. p > 
0.4) . However, a significant difference in relative wash-out rate 
constant during lowering was observed. when an injection vol-
ume of 0.1 ml was used (p < 0.05). 
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FIG 2. Mean wash-out rate constant at reference Level (k(mf.ll and 
wash-out rate constant during lowering (k(le.<l ) plotted versus injection 
volume in normals and scleroderma. Bars signify ± 1 SE. 
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FIG 3. Relative '""Xenon wash-out rate constant during lowering by 
45 cm. corresponding to an increase in vascular transmural pressure of 
33 mm Hg in normals and scleroderma. Bars signify ± 1 SE. 
DISCUSSION 
Initial Slope 
The observation that, following injection of a papaverine-
133Xenon mixture. 133Xenon wash-out followed a monoexponen-
tial course during the first 5 min or more is explained in a 
decreased accumulation of 133Xenon in subcutaneous fatty tis-
sue and the resulting lowering of the intercept of the subcuta-
neous component [7]. This fact was further confirmed in the 
reproducibility of the reference level wash-out rate constant. 
The "delay" observed when volumes exceeding 0.02 ml were 
injected can be explained in the acute rise in tissue pressure 
and the produced dilution oftissues [7,8]. The effect of injection 
will be a dilution of tissues causing a decrease in tissue to blood 
partition coefficient. but a more pronounced effect is presum-
ably a fall in capillary density and as a result. a slower wash-
out rate when injection volumes increase [8]. This dilution was 
relatively more pronounced in normals probably reflecting a 
more compliant tissue. 
Relative Increase in 133Xenon Wash-out Rate Constant 
During Lowering 
There was no significant difference between normals and 
patients, when injection volumes were small. which probably 
can be interpreted as evidence for an equal distensibility of the 
vascular bed in normal and sclerodermic cutaneous tissue. 
The difference observed when volumes exceeding 0.02 ml was 
injected might reflect an increase in tissue pressure opposing 
vascular dilatation. Pressure-volume curves for the interstitial 
fluid spaces have shown a considerable compliance of the tissues 
until severe edema had developed at which time compliance 
gradually decreased. the skin developing severe tension [9]. The 
present results could indicate that sclerodermal skin, as com-
pared to normal skin, would tolerate less edema without in-
crease of interstitial fluid pressure. Measurement of "total tissue 
pressures" with needle techniques has been attempted in sub-
cutaneous tissue in generalized scleroderma [10]. This tech-
nique involves injection of fluid and actually measures tissue 
resistance to free flow of fluid away from a needle inserted in 
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the tissue [11]. Therefore, the relevance of the ne~dle pressure 
parameter for the distensibility of blood vessels .IS debatable. 
The distensibility values for the vasculature m cutaneous 
tissue obtained in this study, is in agreement with the values 
obtai~ed for subcutaneous tissue [4]. The results indicate that 
the vascular bed in cutaneous tissue in generalized scleroderma 
can be distended to the same extent as the vascular bed in 
normal cutaneous and subcutaneous tissue, but the results also 
suggest a steeper slope of the interstitial fluid pressure-volume 
curve in generalized scleroderma indicating a decreased com-
pliance of extravascular tissue. 
This study was supported by the Danish Rheumatism Association. 
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Announcements 
The 2nd Conference of the European Society for Comparative Skin Biology is to be held in Copenhagen, 
August 25 to 28, 1980. The programme will include oral and poster sessions and discussion groups on 
comparative physiology, biochemistry, and structure, of invertebrate and vertebrate integument. Further 
information from the Secretary, Dr. P. E. Budtz, August Krogh Institute, Zoophysiological Laboratory A, 
13, Universitetsparken, DK-2100 Copenhagen 0, Denmark. 
The American College of Cryosurgery will hold its Second Annual Meeting at the Holiday Inn, 
Whitehaven Road and East River Road, Grand Island, NY 14072 on June 15 and 16,1979. This meeting 
will be in collaboration with the Department of Surgery, State University of New York at Buffalo School 
of Medicine. The Program Chairman is Andrew A. Gage, M.D.; Chief of Staff, State University of New 
York at Buffalo School of Medicine. Details may be obtained from the Corresponding Secretary, Daniel 
A. Moran, 18 West Main St., Clinton, CT 06413. Tel. (203) 669-4118. 
